Background Although many patients with cervical spine metastases are treated surgically, it is unknown whether certain subsets achieve better pain relief and improvement of neurologic function.
Introduction
The spine is the most common site of localization of bone tumor metastases [15] , and nearly 5% to 10% of patients with systemic cancer have spinal metastases [34] ; moreover, between 30% and 70% of patients with cancer will have spinal metastases at autopsy [18] . Nearly 10% of patients with spinal metastases develop neurologic compromise such as intense pain, sensory loss, weakness, and sphincter dysfunction as a result of either pathologic fractures of the vertebral bodies or direct extension of a tumor mass from the vertebral body directly within the spinal Each author certifies that he or she has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. Each author certifies that all investigations were conducted in conformity with ethical principles of research. This work was performed at the Department of Orthopaedics and Trauma Surgery, University Campus Bio-Medico of Rome, Rome, Italy.
cord and/or the nerve roots [5, 21] . The treatment of spinal metastasis is typically multidisciplinary, including chemotherapy, radiation, and surgery. Currently, there is a consensus on considering palliation the first choice for patients with a life expectancy of less than 6 months and poor general status [12] . On the other hand, surgery is generally considered reasonable when localized spinal metastasis is the only secondary site and the patient has a tumor with a good prognosis and a life expectancy of greater than 6 months. In these patients, spinal metastasis is treated as one might a primary tumor with complete excision [1, 12, 15] . Surgery can also be considered as palliative care to control pain and to maintain mobility, thus improving the quality [13] of remaining life [26] . Surgery in these patients is associated with an increased number of complications [8] , particularly related to the surgical approach, general status of the patient, and to the presence of neurologic deficits. These three factors are also related to overall patient complications and survival [36] .
The cervical spine is the least common site of spinal metastasis [6, 33] , and relatively little is published about surgery in metastasis to the cervical spine; a recent systematic review on surgical decision-making in cervical spine metastases surgery [16] identified only 13 papers addressing surgery at the subaxial cervical spine, although the authors found relatively more published about the treatment of tumors at the occipitocervical (20 papers) and cervicothoracic (18 papers) junctions. Most data can be derived from papers generically dealing with metastatic lesions at the whole spine [3, 27, 35] .
Most surgeons currently recommend that patients with high-grade epidural spinal cord compression from solid tumor metastases undergo decompressive surgery and instrumentation (moderate quality evidence) to improve neurologic function or prevent progression of neurologic deficits [17] . It has also been suggested that patients with segmental kyphosis and collapse involving any region of the cervical spine should have surgery to stabilize the spine [17] . The higher the general health status assessed by the Karnofsky Performance Score, the better will be the clinical and neurologic recovery [24] . However, it is unclear whether it is possible to predict neurologic recovery after surgical decompression in patients affected by cervical spine metastasis.
We therefore posed three questions: (1) Does tumor removal with reconstruction improve the neurologic status? (2) Is any subset of patients more likely to experienced neurological recovery after surgery than others? (3) What is the rate of surgery-related complications?
Patients and Methods
We retrospectively reviewed 213 patients (96 males and 117 females) with a mean age of 52 (range, 44-78 years) who underwent palliative surgery for spinal metastasis in any location between 1994 and 2008. Of these, 46 patients had a tumor located in the subaxial cervical spine. There were 28 females and 18 males with an average mean age of 63 years (range, 47-73 years). Neck pain or radicular pain was present in all patients before surgery. At the time of review, five of the 46 patients were alive. All other patients but one had died by that time as a result of causes related to the primary neoplasm; in one patient, death was related to postoperative complications. In 12 of 46 patients (26%), no other evidence of extraskeletal metastatic disease (eg, lung or liver) was found before surgery ( Table 1 ). The primary tumors were breast carcinoma (13 patients), renal cell carcinoma (11) , gastrointestinal tract carcinoma (eight), lung carcinoma (four), prostate carcinoma (four), thyroid (three), and malignant tumors at other sites (three). Mean postoperative survival time was 27 months (range, 4-52 months). The highest survival rates were seen in patients with renal cell carcinoma (47 months) and breast carcinoma (41 months). The poorest survival rates were seen in patients with lung carcinoma (5.6 months).
The indications for surgery were (1) neurologic deficit; (2) life expectancy longer than 6 months; and (3) a Karnofsky Performance Score [29] of 50 to 70. Patients with brain metastases or Karnofsky Performance Score less than 50 were not treated surgically. Spinal angiography with tumor embolization was performed in all patients within 24 to 48 hours before surgery to reduce intraoperative blood loss [11, 14] . All patients were operated on by the same surgeon (VD) with a uniform treatment algorithm according to current surgical standards ( Fig. 1 ). Surgery consisted of anterior tumor removal; bone loss reconstruction with titanium mesh cages filled with bone allograft or properly shaped tricortical iliac crest allograft alone stabilized with plate fixation through an anterior approach in 31 patients ( Fig Intraoperative homologous blood was not collected or transfused to avoid possible tumor cell contamination; allogeneic blood was transfused when needed. Postoperative mobilization was initiated in 24 hours with the use of a cervical collar when compatible with neurologic status of the patient. Not all the patients received the same postoperative protocol, in particular, time and entity of postoperative mobilization were determined by neurologic status and above all stability of the instrumentation construct. Patients with stable constructs had a soft collar, whereas patients with poorer bony anchorage were managed with occipito-chin-cervicothoracic orthoses. Physical therapy was performed three times per day and consisted of assisted ambulatory reeducation; in case of patients on bed rest, mobilization of the major joints and respiratory exercises were performed. No patients underwent radiotherapy before surgery. Radiation and chemotherapy were performed after surgery in 39 patients. The remaining seven patients received no additional radiation therapy for various reasons (eg, low radiation therapy response of the neoplasm, poor general health status, or complications) and were treated by chemotherapy (n = 4) or hormone therapy alone (n = 3).
Postoperatively patients were evaluated in an integrated assessment from both the orthopaedic surgeon and the oncologist. Patients were evaluated 2 weeks after discharge, then 1 month after and each month later. The imaging followup consisted of standard radiographs taken each month and CT scan every 3 months. MRI was performed in case of suspected recurrence of neural involvement. Intraoperative and perioperative complications in this patient population were recorded.
The Karnofsky Performance Score [29] was used to assess the patient's general health; the Frankel score [19] was used for neurologic function. The Karnofsky Performance Score includes individually weighted items to evaluate whether the patient is able to perform normal activities independently or required assistance [29] . The Karnofsky Performance Score calculates functional impairment of the patients. In general, the lower the score, the worse the survival. It gives a score from 0 (dead) to 100% (normal), and patients can be divided into three ranges of classes. In the score from 10 to 40, patients are unable to care for themselves and require the equivalent of institutional or hospital care. Patients with scores ranging from 50 to 70 are usually able to work and live at home. These patients can care for most personal needs but could require varying amounts of assistance. Patients above the score of 70 are able to carry on normal activity and to work and do not require special care. According to the Frankel score, a complete lesion (paraplegia) was classified as Frankel A, presence of only sensory function as Frankel B, motor function present but of no practical use (nonambulatory) as Frankel C, motor function present and sufficient to allow walking (ambulatory) as Frankel D, and no neurologic signs or symptoms as Frankel E. Patients were further divided depending on the presence or absence intraoperatively of neoplastic pachymeningitis as evident from surgical reports; obtained results were correlated to neurologic recovery and analyzed to ascertain which patients could benefit more from surgery.
Descriptive statistics were calculated. The unpaired t test was used to compare preoperative and postoperative values in regard to Karnofsky Performance Score. The chi square test was performed to compare preoperative and postoperative-reported data in relation to Frankel score. An additional chi square test was used for evaluation of intergroup difference (presence or not of neoplastic pachymeningitis) in incidence of neurologic improvement. Statistical analysis was performed with the SPSS software package, Version 11.0 (SPSS, Chicago, IL).
Results
The mean Karnofsky Performance Score did not change (p = 0.078) from pre-to postoperatively (65% and 73%, Patients with intraoperative findings of neoplastic pachymeningitis had less (chi square = 34.73; df = 1; p \ 0.001) neurologic recovery compared with the others. Two of the 21 patients with intraoperative findings of neoplastic meningitis improved postoperatively, whereas all but one patient without pachymeningitis improved.
Perioperative complications occurred in 10 of 46 patients (Table 3 ). There was one surgically related postoperative death; this patient developed an acute ischemic lesion at the spinal cord as confirmed by a contrast-enhanced MRI, and the patient began to deteriorate neurologically after 24 hours. The patient developed quadriplegia and eventually died of respiratory failure 4 months after surgery. Dural tears occurred intraoperatively in three patients and were treated by direct surgical repair. Two patients had superficial wound infections that resolved with intravenous antibiotic therapy alone. In four patients, newer tumor growth at the same or at an adjacent level occurred. In these, local tumor recurrence was associated with brain or other site metastases and worsening of overall prognosis. Two of those four patients experienced some instrumentation failure (plate mobilization and screw pullout). No revision surgery was performed in either case as a result of poor general conditions. Treatment consisted of external bracing and radiotherapy and/or chemotherapy.
Discussion
Few papers address surgery for metastasis exclusively at the cervical spine [3, 27, 35] . Surgery in these patients is usually associated with an increased number of complications related to the surgical approach, general status of the patient, and presence of neurologic deficits, factors that could also lead to reduced survival [26, 36] . Patients with normal neurologic function at admission have a higher rate of survival with respect to those with Frankel Grades A to D [26] . However, it is unclear whether it is possible to predict neurologic recovery after surgical decompression in patients affected by cervical spine metastasis [7] . We therefore posed three questions: (1) Does tumor removal with reconstruction improve the neurologic status? (2) Is any subset of patients more likely to experience neurological recovery after surgery than others? (3) What is the rate of surgery-related complications?
We recognize some limitations in our study. First, this is a retrospective study, and the lack of prospective data recall did not allow us to identify precise risk factors (ie, role of adjuvant therapies, timing of decompressive surgery) related to surgery except for neoplastic pachymeningitis. Second, with the available data, we could not explore any correlation between the timing of surgery and neurologic improvement or between tumor histology and neurologic status of the patient after surgery. Nonetheless, this group represents one of the largest series of patients with cervical spine metastases.
Our observations confirm those from the literature suggesting tumor removal with reconstruction improves neurologic status and an increased rate of surgery-related complications with respect to surgery performed in nonneoplastic patients. In the presence of neurologic deficits, palliative surgery represents the best option to improve recovery. In a trial on 121 patients affected by spinal metastasis with spinal cord compression, and treated with surgery plus radiotherapy or radiotherapy alone [31] , surgery resulted in better maintenance of bladder continence, muscle strength, functional ability, and survival compared with radiotherapy alone. In the study by Shehadi et al., cervical involvement was reported in 15 of 87 patients [32] , but data were not available for the separate spinal segments. In that study, the majority of patients (85%) maintained or improved the Frankel score from preoperatively to up to 1 year after surgery. In the study by Bilsky et al. [4] on 41 patients affected by metastatic (33) and primary tumors (eight) located at the cervical spine, neurologic recovery was dependent on preoperative neurologic picture, and patients with more severe deficits improved less after surgery. Preoperative neurologic status is also related to overall survival [26] ; in particular, normal neurologic function at admission predicts higher survival and patients with Frankel Grade E at admission have a higher median survival compared with those with Frankel Grades A to D. Hosono et al. also showed a correlation between patient preoperative neurologic status or prognosis and survival [25] . Nonetheless, not all patients tend to recover neurologically in the same fashion after palliative surgery when affected by metastatic epidural spinal cord compression [7, 23] . In general, metastatic epidural spinal cord compression can occur acutely after vertebral collapse or slowly after impairment of venous drainage leading to intramedullary vasogenic edema and eventually irreversible spinal cord necrosis. This latter condition is related to the presence of a reactive inflammatory-like tissue called neoplastic pachymeningitis [8] . We found the presence of such peridural tissue was related to less neurologic improvement with only two of 21 patients improving postoperatively. Our observations are consistent with those of Chaichana et al. [7] who found in a study on 162 patients that patients with neurologic injury and without vertebral body fracture tended to be less likely to regain ambulation postoperatively. These data could help guide monitoring and treatment paradigms for patients with primary cancer and help predict neurologic improvement after palliative surgical decompression.
Palliative surgery in patients affected by spinal metastasis is also related to an increased rate of complications with respect to surgery in nonneoplastic patients. This can be directly related to the surgical approach (wound infections, cerebrospinal fluid leaks, and fistulae) and to the use of spinal instrumentation [2] (breakage, mobilization, and migration) as well as medical and neurologic complications (ie, pneumonias worsening or new neurologic deficits) [9, 10, 28] . In our previous report on 73 patients affected by cervical spine metastasis with a poor prognosis and treated either nonoperatively or surgically [9] , seven patients developed infection at the surgical site (one with dehiscence at the surgical wound related to adjuvant radiotherapy), nine patients had neurologic deterioration postoperatively, and 13 died of causes related to the primary disease within 6 months after surgery. In the study of Bilsky et al. [4] , complications occurred in 10 of 41 patients (24.4%). One patient developed bilateral vocal cord paralysis undergoing an extended exposure at the C6-C7 level, eventually requiring tracheostomy and gastrostomy. Another patient developed unilateral recurrent laryngeal nerve palsy. Preoperative irradiation determined adherences of the pharynx that could not be mobilized from the spine; in both cases, the anterior approach was suspended and tumors were then excised through a posterolateral approach. Cerebrospinal fluid leak occurred in a patient with intradural tumor extension. Medical complications (ie, deep venous thrombosis and two pneumonia) also occurred in four patients. Three of our patients experienced instrumentation failure after an anterior approach and underwent revision surgery with a combined AP approach. Several factors can contribute to an increased risk of intra-or postoperative complications. Among these, radiotherapy in the week before surgery, malnutrition, and chronic use of steroids are acknowledged [22, 30] . Because patients with tumors at the cervical spine usually have poor general health status, with clinical pictures difficult to standardize, the surgeon should work hard to decrease the incidence of the most common complications.
Most of our patients improved clinically and neurologically after surgery, although those with neoplastic pachymeninigitis were less likely to improve neurologically after surgery. Prospective multicentric cohort studies are required to confirm these findings and identify prognostic factors. Neoplastic pachymeningitis can be suspected preoperatively by the use of current imaging modalities such as contrast-enhanced MRI [20] and by medical history of a slowly progressive neurological impairment in absence of vertebral collapse [23] , but both the surgeon and the patient should be aware that the diagnosis is more often performed intraoperatively. Appropriate statements about the risk of neurologic worsening or absence of recovery could be added to the informed consent and improve patient awareness of complications related to palliative surgical decompression.
